T HE DECISION for surgical intervention in the treatment of stenosis and regurgitation of the mitral valve demands an objective, quantitative evaluation of the relative severity of the two processes.
In 1951 Gorlin and Gorlin' adapted the Torricelli orifice formula2 to estimate the area of the orifice of the mitral valve:
and still others considered the end-diastolic pressure difference to be the important value. 5 Depending on this decision, the orifice cross section area in a given patient may be reported to have a remarkably wide range.
It is not always appreciated that the Torricelli formula is used properly only for a constant pressure difference and a resulting Valve orifice area in cm.2 = flow (ml./sec.) 31 As the mitral valves closed and bulged into the atrial chamber at the onset of ventricular systole, the atrial c wave was generated. After a momentary oscillation, the continuing pulmonary venous return raised the atrial pressure (v ascent).
Ventricular systole was completed as the mitral valve opened, at the peak of the atrial v ascent.
The atrial pressure rise during ventricular systole at 0.02-second intervals after the inscription of the c wave was plotted against time.
The mitral regurgitation index was calculated 
Results
The data are presented in terms of the indices characteristic of stenosis, regurgitation and combined lesions, and the relationship of the stenosis index to the regurgitation index.
Stenosis Index Figure 2 is In normal patients the transvalvular pressure gradient fell rapidly as the blood literally dropped out of the atrium into the ventricle, with half-times of 0.025 second or less. Subjects with mitral stenosis showed half-times of 0.14 to 0.24 second, 6 to 10 times as long as in the normal patients ( fig. 2) . Simultaneous left atrial and ventricular pressures in a patient with predominant mitral stenosis are illustrated in figure 1. The orifice was estimated by the surgeon, after digital examination, to be 0.4 cm.2, with no evidence of regurgitation. The half-time of the diastolic transvalvular pressure gradient was 0.16 second. The mitral stenosis index was 8.
The effectiveness of the half-time technic in mitral valve stenosis was clearly evident in atrial fibrillation ( fig. 1 ). When the end-diastolic gradient was used to determine the orifice area, the result varied from beat to beat. Thus, a significant end-diastolic gradient was observed when the diastolic interval was short (first beat, fig. 1 ). With prolonged diastolic periods, the end-diastolic gradient was eliminated even in the presence of severe stenosis (second beat, fig. 1 ). The half-times remained unchanged regardless of the cycle length.
At closed mitral commissurotomy five subjects were reported by the surgeon as having valve orifice area ranging between 0.5 and 1.0 cm.2 with regurgitant jets graded as 1 or 2. The cardiac index was usually reduced, ranging from 2.0 to 3.0 L./min./M.2 The halftimes were prolonged. The mitral stenosis index was elevated essentially as in patients with predominant mitral stenosis (table 1).
Regurgitation Index
A "greater than normal valve area" associated with predominant mitral valve regurgitation was found at surgery in six patients, and at autopsy in four others. The cardiac index in eight of these patients was subnormal, figure 4 . The absence of the c wave, resulting from failure of complete closure of the diseased valve and the resulting early regurgitant flow, was associated with an early onset of the atrial ascent during ventricular systole. The slope of the left atrial ascent was 3 mm. Hg/0.02 second. By contrast, after the registration of the c wave during ventricular systole, the slope of the left atrial ascent in mitral stenosis was 1 mm. Hg/0.02 second ( fig. 1) . The high atrial pressure fell rapidly as the mitral valve opened, with a half-time of 0.04 second (fig. 4 ). This value was slightly longer than in normal subjects, but significantly less than in patients with mitral stenosis.
The mitral regurgitation indices in the five normal subjects varied from 2.5 to 3.7. In stenosis the regurgitation indices ranged from 3.3 to 7.5 even when mild regurgitation was present, while subjects with predominant regurgitation had values of 8 A plot of the mitral stenosis index against the mitral regurgitation index, utilizing anatomic data. 19, 20 With the onset of ventricular diastole, the low pressure in the ventricle results in opening of the mitral valve and the atrial pressure begins to fall (atrial y descent), while ventricular pressure rises.2' When the mitral orifice is large, the flow is rapid and the atrioventricular pressure difference quickly disappears. In the normal subjects and in those with predominant mitral regurgitation the atrial and ventricular presures equalized within about 0.10 second, and the half-times were very short. When the mitral orifice was stenotic, the equality of pressure was achieved more slowly, the half-time was prolonged, and this was usually associated with a reduced cardiac index. 22 The mitral stenosis index, i.e., the halftime divided by the cardiac index, provides a quantitative basis for the evaluation of the hemodynamic significance of the mitral obstruction in each patient and appears to be a clinically meaningful index of the severity of the anatomic stenosis ( atrophy of the skeletal muscles and diminished activity, the metabolic burden on the circulation falls to two thirds or even half that required by the same healthier welldeveloped, well-nourished resting subject. The reduced volume of flow necessary to maintain the bodily economy can then pass through the diseased orifice, especially under the urging of an elevated left atrial pressure. Superficially the cardiac status of the withered patient appears to have improved over the earlier, more robust state. This "compensation," however, is actually a measure of progressive invalidism. Unless the cardiac index of the well-developed, well-nourished individual is considered, the clinical evaluation of the severity of the disease may be deceptive in terms of the mitral valve orifice area.
Summary
Indices have been developed that provide an improved means for evaluation of the degrees of severity of mitral stenosis and regurgitation. The severity of anatomic mitral valve disease found at surgery or autopsy was considered to be the determinant of the state of the valve. An index of the time for the diastolic atrioventricular pressure gradient to fall to half its value multiplied by 100 and divided by the cardiac index was shown to be comparable to the severity of anatomic stenosis. This index ranged from 5.7 to 10 in mitral stenosis, 0.4 to 0.8 in normal subjects, and 0.6 to 2.0 in patients with predominant mitral regurgitation.
Mitral regurgitation was estimated by an index of the rate of the atrial pressure rise during ventricular systole in mm. Hg/0.02 second multiplied by 10 , and divided by the cardiac index. In predominant mitral regurgitation, this index ranged from 8.0 to 15; in mitral stenosis these values were 3.7 to 6.3, and normal subjects had an index varying from 2.5 to 3.7.
Both indices were significantly elevated in patients in whom stenosis and regurgitation were present at surgery. Mitral stenosis complicated by a mild degree of regurgitation gave significantly elevated stenotic indices, while the regurgitation indices were normal or slightly elevated. These indices facilitate the evaluation of either mitral stenosis or regurgitation even when both processes are present together.
The significance of these indices in the evaluation of the degree of invalidism in patients with valvular disease is also discussed.
